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The work covers non-traditional methods of forecasting, in particular, methods using artificial neural 
networks. The article considers such vital moments as: neural network configuration, normalization of input 
data, also random factors which have influence on the accuracy of load forecasts, are taken into account. 
Comparative characteristics of effectiveness of artificial neural networks and artificial neural networks with 
fuzzy logic are given. 
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B poooti po3sriaHyTo HeTpawHuiiHi MeTOAM Iporndo3yBaHHA, a CaMe MeTOM, W]O BAKOPHCTOBYIOTb 
UITYYHI HelipoHHi Mepexi. [[poaHai30BaHoO Taki KJIIOYOBI MOMeCHTH, AK: BHOIp KoH*irypalil HepoHHoi 
MepexKi, HOPMyBaHHA BXiJHHX JaHMX, a TaKOXK JO yBar B3ATO BHUaKOBI (aKTOPH, AKi MalOTb BIVIMB Ha 
TOYHICTh MpoOrdo3yBaHHA HaBaHTaxKeHHa. HapeyeHo NOpiBHAIbHy XapakTepucTuky edbeKTUBHOCTI pooboTu 
3BM4alHHx HelipoMepexKeBUX MOJ{eJIeH Ta MepexXK 3 HEYITKOIO JIOTIKOIO. 

Kar04osi c10Ba: LITY4Hi HelpoHHi Mepexki, eHepris, He4ITKa JIOFiKa, KOPOTKOCTPOKOBe TPOrHOsyBaHHA. 


Introduction 

Energy market is at the core of the world economy and politics. That is why the 
accuracy of forecasts in this area is vital. However, there is another interesting property of 
energy market prediction: on the one hand all the forecasts are widely presented, 
duplicated, promoted and advertised, on the other - all of their methodical parts are 
carefully hidden from the general public, including the scientific community. 

There are different methods of extrapolation: index method, exponential smoothing 
method, regression models and others. However, the main defect of these methods is that 
they do not take the feedback into account. Therefore, in this article I want to consider 
models that take the mutual relations between many variables into account, namely 
artificial neural network (ANN). 

The history and structure of ANN is featured in many publications, so I do not see 
any reason to repeat, even in general terms. I offer to figure out details of the application of 
ANN to solve the problem of short-term forecasting in energy sector. Interesting results on 
the application of neural network in the energy were obtained in these works [1-3]. 

Short-term load forecasting plays a key role in providing cost-effective and safe 
operation of the power system. Most energy companies to the fullest degree rely upon the 
operator's experience in solving problem of forecasting the load with interval of 
anticipation from one hour to several days. Therefore, ANN, which does not require human 
experience and studies on data of energy consumption, is determined. All well-known 
development are based on neural networks perceptron’s type. 

During the study, of course we will have to get answers to the following fundamental questions: 
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what variables must be submitted to the input of an artificial neural network; 
how many neurons in the hidden layer are able to provide the required accuracy of 
the predictor; 
shall we seek from one universal network high-precision prediction of power 
consumption for all modes of operation of the power system or the task must be 
divided between multiple networks; 

~ How much data (and over which period of time) is required to train the neural network 

It is known that neural networks are successfully used to solve optimization 
problems [4-6]. 

Let’s consider two models of daily load forecasting to identify the characteristics of 
each, and the prospects for their further use. As shown in [7] the first model uses regular 
artificial neural networks, the second - combines ANN with the elements of fuzzy logic [8-10]. 

Daily load forecasting model using ANN 

The developed ANN configuration for the daily load forecasting is shown in Figure 
1. It is a three-layer perceptron with weights connection W;; and W,,; (i= 1, 2, ..., 48; j= 
1, 2,... 5; k =1, 2, ... 24) between neurons corresponds to the input, hidden and output 
layers. In the input layer of neuron network there are 48 neurons (the number of input 
variables) in the hidden layer - 5 (determined experimentally), in output layer - 24 
(corresponding to the number of hours in a day). The input variables are hourly load values 
P. (i= 1, ..., 48) for days prior to the predicated (24 values), and for the day a week ago 
(24 values). For network training we used back propagation algorithm. When training the 
network properly takes working days, weekends and holidays into account. For work days, 
we only use hourly power load measurements from other days as inputs. For Monday as 
the load values are taken variables for the last Friday, because it is its previous working day. 


Py Poredi 

P, Pored2 
PoredNK 

Pwr 

Input layer i Hidden layer j Output layerk 


Fig.1. ANN structure for daily load 
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Daily load forecasting model using ANN with the elements of fuzzy logic 

Developed configuration of a network with fuzzy logic for the daily load forecasting 
is presented in Figure 2. The network consists of three layers: input, hidden (layer with 
rules IF - THEN) and output layer. Neurons in the form of circles represent one node, and 
neurons in the form of squares contain more nodes. The input variables are the hourly load 
values P; (i = 1, .., 48) days prior to the predicted (24 values), and for the day a week ago 
(24 values). The input layer is normalized. 


(IF) 


Layer i Layer j Layer k 


(Layer of rules) 


Fig.2. ANN with the elements of fuzzy logic structure for daily load forecasting 


Each pair of neurons in the hidden layer is a fuzzy rule. Having chosen the following 
form of rules, so that fuzzy sets are only included in the introductory part of the rules: 


I :1F x, = A), x, = A, ...,x, = Al, THEN y), = Cx, +--+ Cx, (1.1) 


where IV - j-th rule; *; - the input variables; yj- the value of the k-th output, calculated 


from the j-th rule; Al - logical terms, characterized by features p4;; accessories. 
The sub layer "IF" the value of the function is calculated for each input variable 


using the formula: 
2 
j _ 4 fx) 
pl = exp |- 2(5) (1.2) 


The resulting value of the function for each rule is defined as: 


w=min(p) (1.3) 


Neuron j in the sub layer "THEN" is a two-layer neural network with weights eo. 


coefficients of equation (1.1), and ee shift factor. Output neuron j in this sub layer is: 


Vi = ff sid aes (1.4) 
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In the output layer, based on the results obtained by the rule layer, we form a clear 
output as a weighted average: 


rey w) 
er Bb. — pk 
| a s w = Poured (1.5) 


Results 


ANN model 


results 


ANN with 
fuzzy logic 


Actual load 
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Fig.3. Graph of actual load and prediction received from ANN and ANN with fuzzy logic 


One prediction result is presented in Figure 3. As you can see from the figure, the 
load curve obtained by the ANN model with fuzzy logic is closer to the actual load 
schedule than the graphic of load forecast the ANN model. 


Comparison of daily load prediction with ANN and ANN with the elements of fuzzy logic: 


Day ANN ANN with fuzzy logic 
of the 
week Mean error (%) MSE* (%) Mean error MSE* (%) 
(%) 
Su. 3.43 4.49 2.92 3.23 
Mo. 1.3 1.58 1.19 1.41 
Tu. 1.86 2.27 1.33 1.69 
We. 1.89 2.16 1.15 1.45 
Th. 1.77 2.19 1.67 2.11 
Fr. 1.61 1.88 2.12 2.63 
Sa. 1.56 1.91 1.81 2.17 
*MSE — mean square error 
Conclusion 


High electricity market requirements for quality of predictive calculations (accuracy, 
reliability, speed, etc.) ensure the reliability of power systems and force to look for new 
approaches to forecast loads that would allow to take into account the current level of 
information supply. 

Artificial neural networks perform as a universal tool to solve of problems of 
modeling and control. The development of this direction will open true opportunities for 
the new, more sophisticated approaches and will allow consumers to make energy supply 
more high-quality and cost-effective. 
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PE3IOME 

A.B. JIlasapenko 

BukopucTanna” WITydHHX HeiipoHHHXx Mepex« B eHeprerHiti 

JlaHa ctaTTa lIpvicBadeHa BHBYCHHIO HelpoMepexKeBHX MeCTOJIB KOPOTKOCTpOKOBOrO 
IIPOrHO3yBaHHA HaBaHT@KeHb B CHepreTM4HuX CHcTeMax. Y3arasIbHeHO JOCBIJ, aBTOPIB B 
oOacTl evIeKTPHYHHX HaBaHTaKeHb eyIeKTpOeHepreTH4HUX cucTeM. B poOoTi po3rsaHyTo 
HeTpaMuUiiHi MeTOM MpOrHosyBaHHA, a CaMe MeTOJIM, WO BAKOPHCTOBYIOTb WITY4HI HelipoHHi 
Mepexi. Ilepepara Takux Mojleseii OOyMOBsIeHa THM, IO aHi MOJ[eyIi MalOTb BHCOKY 
LIBUAKOIIO Ta CTIMKICTS JO WIyMy, a TaKOXK Te, WO Mpalle3{aTHICTh He BTpavaeTbCA HaBITb 3a 
HeMOBHOTH BXI{HOI IHopmaril. Cepex Moyeret HaiOUIbUIM iHTepec MpeycTaBae MOJeIb 3 
HEUITKOIO JIOFIKON, Ka BBAXKACTLCA ONHIEIO 3 HaliOCKOHAJIIMIMX Ta MepCclieKTHBHHX. 

Tlicna aHami3y icHyIOUHX TMXOIB, OCHOBHa yBara IIpHWIAeTbCA HelipoOMexKeBHM 
MOJICJLAM, WO JO3BOJIMIOTb BHKOHYBaTH KOPOTKOCTpOKOBe IIPOrHO3yBaHHA HaBaHTaxKeHb B 
eHepreTH4uHux cuctemMax. KopoTKocTpokoBe IIporHo3yBaHHA eyIeKTPHYHOTO HaBaHTaxKeHHA € 
OCHOBHOIO iH(OpMallielO Id TpHHATTA pilieHb B Mpolleci WiaHyBaHHA pex*KHMIB 
eHepreTw4uHHx cucteM. ToMy B KOMIUICKCl 3a]a4, AKi BHpILIyIOTbCaA JWId yiupaBsHHA 
eHepreTH4uHHMH CHCTeMaMH, KOPOTKOCTPOKOBe IIPpOrHO3yBaHHA IOCIa€ KIIOUOBE MICIIe. 

B cratTi posryiaHyTO Taki KJIOYOBI MOMEHTH, AK: BHOIp KOHirypalil HeitpoHHo! Mepexki, 
HOPMYyBaHHA BXIJHUX JaHMX, a TaKOXK JO yBari B3ATO BHTAKOBI (aKTOPH, AKi MalOTb BIVIMB Ha 
TOUHICTh IpOrHo3yBaHHA HaBaHTaKeHHA. HapeyeHoO MOpiBHAIbHy xapaKTepHcTuKy 
ecdpeKTHBHOCTI poOoTH 3BH4aiHHX HelpoMepexKeBHX MOjJIeuIei Ta Mepex 3 HeUITKOFO JIOTiKOrO. 3 
YorO MO%KHAa OadHTH, WO HeiipoMeperkKeBi MOJeIII TIPpOrHO3yBaHHA eJICKTPHYHUX HaBAaHTAKeHb, 
HOP 3 1HIUMMH MepeBaraMy, JaroTb We JOCHTb IpHMHATHY TOUHICTb TpOrHosy. 

Tematuka JjaHoi poOoTH € JJOCHTb aKTYyaJIbBHOIO, aJpKe TOUHICTh TpOrHo3y 0 
HaBaHTaxKCHHAX MO%Ke MATH BUPIaIbHe 3HaYeHHA Ha %KUBYYICTh eHepreTH4HO! CHCTeMM Ta 
CKOHOMIYHY JOUVIBHICTS Ti excruryatami. Bucoki BUMOrH PHHKy esleKTpoeHepril 0 MOKa3HHKIB 
AKOCTi IPOrHO3yBaHHA (TOUHICTb, JOCTOBIPHICTb, WIBYAKOMIA 1 T.1I.), 3a0e3TIC4UYIOTh HaiMHECTB 
eHeprocucTeM Ta CHOHYKarIOTb JO MOWYKY HOBUX IiIXONIB IporHo3syBaHHA. 
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